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Abstract:The Wenchuan M.S. 0 earthquake and the Lushan M7. 0 earthquake occurred in the north and south 
segments af the Longmenshan nappe tectonic belt, respectively. Based on the focal mechanism and finite fault 
model of the Wenchuan Ms8. 0 earthquake, we calculated the coulomb failure stress change. The inverted 
coulomb stress changes based on the Nishimura and Chenji models both show that the Lushan M7. 0 earth-
quake occurred in the increased area of coulomb failure stress induced by the Wencbuan M.S. 0 earthquake. 
The coulomb failure stress increased by approximately 0. 135 - 0. 152 bar in the source of the Lushan M7. 0 
earthquake, which is far more than the stress triggering threshold. Therefore, the Lushan M7. 0 earthquake 
was most likely triggered by the coulomb failure stress change. 
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1 Introduction 
The magnitude 7. 0 Lushan earthquake that occurred in 
Sichuan Province on March 20, 2013 was a strong 
earthquake ( M ;;. 7. 0 ) in the Longmenshan area that 
occurred after the Wenchuan Ms8. 0 earthquake on 
May 12, 2008. Both earthquakes occurred in the 
Longmenshan nappe tectonic belt. The seismogenic 
faults of the Wenchuan Ms8. 0 earthquake are the Bei-
chuan-Yingxiu fault and the Guanxian-Jiangyou fault in 
the Longmenshan nappe tectonic belt. The Lushan 
M7. 0 earthquake occurred near the Shuangshi-Dachuan 
fault, a thrust fault that has been active since the Hol-
ocene['·21. From the geotectonic background, both 
earthquakes occurred due to the tectonic high Tibetan 
Plateau to the west pushing against the strong crust un-
derlying the Sichuan Basin and southeastern China. 
The epicenter of the Lushan M7. 0 earthquake occurred 
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90 km southwest of the epicenter of the Wenchuan 
M.S. 0 earthquake, which occurred 5 years ago. Some 
experts consider the cause of the Lushan M7. 0 earth-
quake to be the strong aftershock stresses resulting from 
the convergence of crustal material slowly moving from 
the Wenchuan Ms8. 0 earthquake; however, others 
think that there is no relationship between the two 
earthquakes. 
The elastic displacement model was established in 
1990s for the research of static coulomb stress trigge-
ring. Many researchers calculated the coulomb failure 
stress changes in the elastic half space by bnilding the 
Great Earthquake Elastic Displacement Model , which 
is widely used in the analysis of the mechanism of seis-
mic interactions[ 3 •41 • Research on earthquake stress 
triggering in recent years shows that earthquakes can 
change the coulomb stress on the nearby faults and 
then trigger or inhibit seismic activity in the future[5 ·61 • 
Previous studies of many earthquake cases show that 
an increased zone of coulomb failure stress is conducive 
to subsequent earthquake occurrence and, conversely , 
a decreased zone is not[7 ,BJ • Based on the fmite fault 
model of the Wenchuan Ms8. 0 earthquake, we calcu-
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lated the static coulomb failure stress produced by this 
earthquake. Then, we analyzed and discussed the con-
gruent relationship between the coseismic coulomb 
stress changes and the Lushan M7. 0 earthquake. 
2 Coulomb failure stress calculation 
According to the Coulomb-Mohr failure criterion , in 
the rocks within the fault, the requirement for shear 
fracture of the fault plane is that the shear stress ( T) 
reaches the friction strength ( r1 ). 
(1) 
(2) 
where T 0 is the cohesive strength or the interface's 
inherent shear strength, p. is the internal friction coeffi-
cient, u n is the normal stress, and p is the pore pres-
sure. Harris['] defined ( T -r1 ) as the Coulomb failure 
stress ( CFS) : 
(3) 
Assuming p. and T 0 are constants that will not 
change with time , the change of coulomb failure stress 
is: 
(4) 
In the above formula, .1r and .:1u. are the sbear and 
normal stress changes on the fault plane , and .1p is the 
pore pressure change. Assuming the medium is isotropic 
and the instantaneous state is saturated water when the 
static stress changes , Simpson and Reasenberg consider 
the pore pressure change .:1p as [!OJ : 
.1p = - {3t.u,. 
3 (5) 
where , u kk is the sum of the diagonal components of 
the stress tensor and u a = u :a + u 11 + u »~. In addition, 
if the ductility of the fault wne is greater than the am-
bient medium, u" is equal to u,. and u =. Therefore , 
.1u = .1u _.13 and we obtain : 
.1CFS =.1r +p.'.1u (6) 
In the above formula, JL' is the apparent friction co-
efficient, andp.' =p.(1 -{3). f3 is the simpson coeffi-
cient, and its range is from 0 (dry) to 1 ( fluid-satu-
rated) . According to the previous research [ 8 l , p.' has 
little effect on the spatial distribution of .1CFS. We 
take the value of p. to be 0. 4, with reference to previ-
ous practice. 
Okada[nJ derived the formula for calculating the dis-
placement and strain produced by the sbear and tensile 
fracture in the rectangular fault plane. Thus, we can 
calculate the shear stress, normal stress and coulomb 
stress changes on any fault plane. We can also com-
pare the variation of stresses with the regional seismic 
activity distribution. .1CFS > 0 means that the fault 
plane is loaded and the earthquake will eventually be 
triggered. By contrast, .1CFS < 0 means that the fault 
plane is unloaded , and the earthquake will be de-
layed. 
3 Finite-element fault model 
We need to build a more realistic finite-element fault 
failure model to invert reliable coulomb failure stress 
changes. In this study, we used two finite-element 
models that had been inverted from GSN broadband 
seismic waveforms hy Nishimura and Chenji (Fig. 1). 
The two results are different in details , but they both 
show that the general azimuth of the fault plane is 
approximately consistent. Both of the fracture lengths 
are longer than 300 km, and the deepest fracture depth 
is 21 km. The fault plane is a thrust and strike-slip 
rupture with two peak areas in the south and north seg-
ments. 
What is the difference between the coulomb failure 
stress calculated by the two different finite-element 
models? To answer this question and analyze the trigge-
ring influence of the Wenchuan Ms8. 0 earthquake using 
the coulomb stress changes, we use two finite-element 
models from Nishimura and Chenji to compare the 
changes of coulomb failure stress. Then, we discuss the 
mechanical relationship between the coulomb failure 
stress and the Lushan M7. 0 earthquake . 
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Figure 1 The finite fault model for the Wenchuan Ms8. 0 earthquake 
Based on the geometry model of causative fault in 
the Longmenshan nappe tectonic belt, which is built u-
sing earthquake surface rupture zone geological data 
and relocating aftershock results , we set the source 
fracture plane in the calculation model as the Bei-
chuan-Yingxiu fault and other faults as receiving 
faults. The model bottom is approximately 30 km. 
We make the nodal plane, which has a consistent 
trend with the main fracture plane in the focal mecha-
nism of the Lushan M7. 0 earthquake, as the receiving 
fault plane. Based on the Coulomb3. 1 program from 
USGS , we calculated the coulomb stress changes in the 
focal depth of the Lushan M7. 0 earthquake using the 
Nishimura and Chenji fmite-element models, respec-
tively. 
4 Calculation result and analysis 
We have collected the Lushan M7. 0 earthquake focal 
mechanism given by many research institutions at home 
and abroad [Zl • Among the study results (Tab. 1 ) , the 
trends of nodal plane I are between 205° - 220° , 
which is consistent with the trend of the Longmenshan 
fault zone. The dip angles are between 33° - 47°, 
which means that the earthquake occurred on the thrust 
fault with a large dip angle. The rake angles are 
between 80° -102° , which reflects that the earthquake 
is almost pure thrust faulting. 
From the perspective of fault interaction, the receiv-
ing faults are used to describe the comprehensive fea-
tures of the areal faults. Different types of receiving 
faults reflect different corresponding coulomb failure 
stress stimulated by the earthquake. In this study, we 
make use of the Lushan M7. 0 earthquake focal mecha-
nism determined by the USGS Body-Wave Moment 
Tensor Solution. We consider the nodal plane (strike/ 
dip/rake: 216°/47°/93°) as the receiving faults's 
factor. 
The model was assumed to be a half-space elastic 
medium, and the shear modulus is 3. 0 x 1010 Pa. 
The poisson's ratio is 0. 25 and the apparent friction 
coefficient is 0. 4. We used the Coulomb3. 3 program 
to calculate the coulomb failure stress changes pro-
duced by the Wenchuan M s8. 0 earthquake on the 
rupture surface and focal depth of the Lushan M7. 0 
earthquake. 
Figure 2 shows the calculated coulomb failure stress 
produced by the Wenchuan Ms8. 0 earthquake on the 
nodal plane of the Lushan Ml. 0 earthquake at 13 km 
depth. The two figures are substantially consistent with 
the Nishimura and Chenji finite-element models. 
Both models show that the increased area and decreased 
area of coulomb failure stress appear as a conjugated 
characteristic. The coulomb failure stress decreased in 
the eastern margin of the Tibetan Plateau , the Longmen-
shan area and the Sichuan Basin. The maximum decre-
ment is approximately 0. 3 bar. However, the coulomb 
failure stress increased in the north of the Longmen-
shan fault zone , such as Zhouqu, W enxian and 
Yaan, where the Lushan Ml. 0 earthquake occurred. 
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Table 1 Focal mecbanism of the Lushan Ml. 0 earthquake 
Nodal plane I ( 0 ) 
Mw 
Strike Dip rake 
6.6 216 47 93 
6.7 220 35 95 
6.6 218 39 103 
6.6 210 38 96 
6.7 205 38.5 88.8 
6.7 216 47 93 
6.6 210 47 90 
6.6 198 33 71 
6.4 214 39 100 
100°E 102°E l04°E 106°E 108°E l10°E 
Coulomb stress change (bar) 
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Figure 2 The coulomb failure stress changes produced by the Wenchuan Ms8. 0 earthquake 
The maximum increment is approximately 0. 3 bar. The 
calculated results are consistent with Shinji Toda's 
results[121 , which showed that the variation range of the 
coulomb failure stress is 0. 2 -0. 5 bar. 
We also calculated the coulomb failure stress in the 
seismic source of the Lushan Ml. 0 earthquake (Tab. 2) . 
The seismic source is in the increased area of coulomb 
failure stress produced by the Wenchuan Ms8. 0 earth-
quake. The coulomb stress is 0. 152 bar with the Nish-
imura & Y agi model and 0. 135 bar with the Chenji 
model. The results indicate that the Lushan Ml. 0 
earthquake was triggered by the coulomb stress pro-
duced by the Wenchuan Ms8. 0 earthquake. 
Table 2 Stress values in the Lushan Ml. 0 
earthquake source 
Finite fault model 
Nishimura& Y agi model 
Chenji model 
Coulomb Shear 
stress stress 
0.152 0. 300 
0. 135 0. 239 
5 Discussion and conclusion 
Normal 
stress 
-0.371 
-0.260 
Based on focal mechanism and finite-element models , 
we inverted the coulomb failure stress induced by the 
Wenchuan Ms8. 0 earthquake. From the perspective of 
fault and earthquake interaction , we analyzed the 
relationship between the Wenchuan Ms8. 0 earthquake 
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and the Lushan Ml. 0 earthquake. 
( 1 ) We have inverted the coulomb failure stress 
changes using two finite-element models including 
Nishimura and Chenji's results. Both of the calculated 
results show that the Lushan Ml. 0 earthquake occurred 
in the increased area of coulomb failure stress induced 
by the Wenchuan Ms8. 0 earthquake. The coulomb 
failure stress increased approximately 0. 135 - 0. 152 
bar, which is far more than the stress-triggering thresh-
old. Therefore, the Lushan Ml. 0 earthquake was trig-
gered by the coulomb stress produced by the Wenchuan 
M s8. 0 earthquake. 
( 2 ) The coulomb failure stress is an important 
standard for judging future earthquake triggering or re-
straint. However, the tectonic stress field is seldom 
taken into account when examining static coulomb 
stress triggering at present. Instead, we begin to calcu-
late in a zero-stress state. Therefore, a future direction 
would be to combine the tectonic stress field in the 
study of coulomb failure stress triggering. 
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